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Objectives. This study sought o determine the relation of the 
paced QRS configuration and conduction delay during pace 
mapping to reentry circuit sites in patients with ventricular 
tachycardia l te after myocardial infarction. 
Background. The QRS configuration produced by ventricular 
pacing during sinus rhythm (pace mapping) can locate focal 
idiopathic ventricular tachycardias during catheter mapping, but 
postinfarction reentry circuits may be relatively large and 
contain regions of slow conduction. We hypothesized that for 
postinfarction ventricular tachycardia, 1) pacing during sinus 
rhythm at reentry circuit sites distant from the exit from 
the scar would produce a QRS configuration different from 
the tachycardia; nd 2) a stimulus to QRS delay during pace 
mapping may be a useful guide to reentry circuit slow conduc- 
tion zones. 
Methods. Catheter mapping and ablation were performed in 18 
consecutive patients with ventricular tachycardia after myocardial 
infarction. At 85 endocardial sites in 13 patients, 12-lead electro- 
cardiograms (ECGs) were recorded uring pace mapping, and 
participation ofeach site in a reentry circuit was then evaluated by 
entrainment techniques during induced ventricular tachycardia 
or by application of radiofrequency urrent. 
Results. Pace maps resembled tachycardia t <30% of likely 
reentry circuit sites identified by entrainment criteria and at only 
1 (9%) of 11 sites where radiofrequency current terminated 
tachycardia. Analysis of the stimulus to QRS interval during 
entrainment with concealed fusion showed that the conduction 
time from the pacing site to the exit from *.be scar was longer at 
sites where the pace map did not resemble tachycardia. Evidence 
of slow conduction during pace mapping, with a stimulus to QRS 
interval >40 ms was observed at >70% of reentry circuit sites. 
Conchtsions. Atmany sites in postinfarction ventricular reentry 
circuits, the QRS configuration during pace mapping does not 
resemble the ventricalar tachycardia QRS complex, consistent 
with relatively large reentry circuits or regions of functional 
conduction block during ventricular tachycardia. A stimulus to 
QRS delay during pace mapping is consistent with slow conduc- 
tion and may aid in targeting endocardial sites for further 
evaluation during tachycardia. 
(J Am Coil Cardio11995;26:481-8) 
During ventricular pacing, the QRS configuration is deter- 
mined to a large extent by the location of the pacing catheter 
(1-3). Identification of sites where the paced QRS configura- 
tion is similar to that of ventricular tachycardia (pace mapping) 
is useful for guiding catheter ablation of idiopathic right 
ventricular outflow tract ventricular tachycardias that may 
arise from a small focus in a structurally normal ventricle (4,5). 
The value of pace mapping for localizing ventricular reentry 
circuits arising from healed infarct scars is less clear (3,6-8). 
These reentry circuits are often relatively large and contain 
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regions of slow conduction (9-14). We therefore hypothesized 
that 1) the paced QRS configuration at sites remote from the 
point where the reentrant wavefronts exit the scar is unlikely 
to resemble the tachycardia ORS configuration even if the 
pacing site is in the tachycardia circuit; and 2) a delay 
between the stimulus and QRS onset during pace mapping 
may be a useful guide to regions of slow conduction i the 
reentry circuit (15). We then sought to test these two 
hypoth~,ses. During catheter mapping, pacing was per- 
formed at selected endocardial sites during sinus rhythm. 
Ventricular tachycardia was then initiated, and participation 
of the site in the reentry circuit was assessed from entrain- 
ment criteria (16) or radiofrequency urrent application, or 
both. 
Methods  
Endocardial catheter mapping and radiofrequency catheter 
ablation were performed in 18 consecutive patients referred 
between January 1990 and February 1993 for therapy of 
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Table I. Clinical Characteristics of 13 Study Patients 
No. of 
Pt No./ Age VTs No. of 
Gender O r ) MI LVEF Drug Studied Sites 
I/M 45 I 0.55 - -  1 1 
2/M 62 A 0.18 Am 1 6 
3/M 73 I 0.2 Am 1 5 
4/M 64 A+I 0.4 Am l 3 
5/lvl 69 I 0.3 Am 2 8 
6/M 72 I 0 .45 Proc+Sot 1 3 
7/M 72 I 0.45 Am 3 17 
8/M 68 A 0.35 Am 7 20 
9/M 70 A+I 0.15 - -  4 4 
10/M 59 A+I 0.23 Am 1 3 
I1/M 68 I 0.35 - -  2 5 
12/M 66 I 0,25 Am 1 4 
I3/M 49 A 0.35 Prop+Proe 3 6 
Mean±SD 64±8 0.32±11 2±1.7 7+--56 
A = anterior; Am = amiodarone; F = female; I = inferior; LVEF = left 
ventricular ejection fraction; M = male; Proc = procainamide; Prop = 
propafenone; Pt = patient; VT = ventricular tachycardia. 
recurrent ventricular tachycardia fter myocardial infarction. 
Of 381 endocardial mapping sites evaluated during ventricular 
tachycardia, 85 sites in 13 patients that met the following 
criteria were included in this analysis: 1) a 12-lead electrocar- 
diogram (ECG) was recorded while pacing during sinus 
rhythm (pace mapping); and 2) during ventricular taehycardia 
participation of the site in the tachycardia reentry circuit was 
assessed by either pacing at the site (75 sites) or application of 
radiofrequency current to determine whether heating the site 
would interrupt reentry (72 sites) (16). Both pacing and 
radiofrequency urrent application were performed at 62 of 
these 85 sites. Pace mapping was not performed infive patients 
because of persistent ventricular tachycardia before aLiation. 
Patient characteristics are shown in Table 1. All patients had 
spontaneous recurrences of ventricular tachycardia despite 
antiarrhythmic drug therapy. More than one configuration of 
sustained monomorphie v ntricular taehycardia (range 2to 10) 
was observed in all patients, Sufficient data were obtained for 
analysis of 28 ventricular tachycardias. At the time of study, 10 
patients were receiving antiarrhythmie drugs (Tablc 1). Amio- 
darone had been discontinued 6 weeks before study in Patient 
10. Sotalol had been discontinued 3 days before study in 
Patient 1. Patients 1 to 10 have been included in a previous 
report (16). 
After obtaining informed consent, mapping and radio- 
frequency catheter ablation were pertormed according to the 
protocol approved by the institutional human subjects pro- 
tection committees. After local anesthesia with 2% lido- 
eaine, electrode catheters were inserted percutaneously into 
the femoral veins and positioned in the right ventricular 
apex, His bundle position and inferior vena cava. Left 
ventricular mapping was performed with 6F or 7F steerable 
catheters (EP Technologies or Webster Laboratories) that 
had a 4-ram distal tip electrode and 2 to 2.5 mm between the 
two distal electrodes. Access to the left ventricle was 
achieved by the femoral artery and retrograde across the 
aortic valve or by transatrial septal puncture. Patients were 
sedated with intermittent doses of midazolam and meperi- 
dine. Femoral artery pressure and peripheral oxygen satu- 
ration were monitored continuously. 
Mapping. Our mapping procedure has been described 
previously (16). Surface ECG leads (I, aVF, V1 and Vs) were 
recorded simultaneously with intracardiac electrograms at 
paper speeds of 100 mm/s for mapping and at 50 mm/s during 
radiofrequency urrent application (PPG Medical Systems). 
Bipolar and unipolar intracardiac electrograms were filtered at 
30 to 500 Hz. Catheter position was assessed by fluoroscopy in 
two planes and in five patients also by transesophageal cho- 
cardiography (17). 
During sinus rhythm, regions of abnormal wall motion 
identified by previous echocardiograms or contrast ventricu- 
lograms were explored. At sites with fractionated electro- 
grams, during sinus rhythm, pace mapping was performed. 
The mapping catheter was then maintained at the site, and 
ventricular tachycardia was initiated by programmed stimu- 
lation from the right ventricular apex. The mapping catheter 
was then used for pacing during taehycardia to assess 
entrainment (16). The paced QRS configuration during sinus 
rhythm was not used to select or exclude sites for evaluation 
during tachycardia. Stable ventricular tachycardias were not 
terminated routinely to allow pace mapping. Whenever sinus 
rhythm was restored, pace mapping was performed at addi- 
tional sites. 
Pacing to entrain ventricular tachycardia was performed 
using unipolar stimuli that had an amplitude of 10 mA and a 
pulse width of 2 ms, which was increased to 9 ms if stimuli 
failed to capture (16). The distal electrode of the mapping 
catheter was the cathode, and an inferior vena cava electrode 
served as the anode to avoid potentially confounding effects of 
depolarization at a proximal anode during bipolar pacing (18). 
Trains of 8 to 15 stimuli usually starting at cycle lengths 20 to 
40 ms shorter than the ventricular tachycardia cycle length and 
decreasing by 20 ms were applied until entrainment with QRS 
fusion occurred or tachycardia terminated. If ventricular tachy- 
cardia was well tolerated, single stimuli were also used to scan 
the cardiac ycle at selected sites. The postpacing interval and 
the stimulus to QRS interval during entrainment were ana- 
lyzed from the slowest stimulus trains and latest capturing 
stimuli, which reliably entrained the tachycardia (16). Each 
mapping and ablation session required 2.2 to 9.8 h with a 
median of 4.5 h. Seven patients underwent two separate 
sessions. 
Radiofrequency current application. For radiofrequency, 
current ablation sites were sought where electrograms were 
abnormal consistent with an area of scar, and pacing stimuli 
entrained the tachycardia (16). At some abnormal sites, par- 
ticularly if tachycardia was not well tolerated, radiofrequency 
current was applied despite absence of entrainment. At 16 
ablation sites, pacing did not entrain tachycardia; pacing 
stimuli terminated tachycardia orhad no effect on tachycardia. 
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At 10 sites, pacing during taehycardia either was not per- 
formed, or the effect was not interpretable, and these sites are 
not included in analyses of pacing responses. Evaluation of 
sites throughout the ventricle was not required before selecting 
a site for ablation. Radiofrequen~ current at 500 kHz was 
applied to the large tip electrode of the mapping catheter and 
two cutaneous electrode patches (R-2 Corporation) on the 
posterior thorax, which had a combined surface area of 
190 cm 2. Radiofrequency urrent starting at 12 W in the initial 
patient and 20 to 35 W in subsequent patients was applied for 
15 to 30 s. If ventrieular taehycardia stopped, the application 
was contir'led for 45 to 60 s. Radiofrequency application was 
immediately terminated if impedance increased, or boiling at 
the electrode tip was observed on transesophageal ehocard:o- 
graphic imaging (17). If taehycardia did not stop, the catheter 
was moved to a new site and the proce&~re repeated. If 
radiofrequency urrent erminated tachycardia, we attempted 
to enlarge the lesion by applying radiofrequency urrent for 45 
to 60 s at four sites within 5 ram of the initial lesion (16). 
Programmed stimulation from the right ventricle was then 
repeated in an attempt o reinitiate tachycardia. If any sus- 
tained monomorphic ventricular tachyeardia having a cycle 
length >250 ms was initiated, the mapping procedure was 
repeated until the entire endocardial circumference of the 
infarct scar had been evaluated. 
Pace maps. Standard 12-lead ECGs were recorded at a 
paper speed of 25 mm/s during unipolar ventricular pacing at 
a cycle length of 600 to 400 ms. Because all patients had easily 
inducible ventrieular taehycardias with various cycle lengths, 
the paced cycle length was an arbitrary compromise between a 
cycle length that did not initiate ventrieular tachycardia nd 
was generally within 100 ms of a tachycardia cycle length. The 
mean (+_SD) cycle length of tachycardias studied was 381 +-- 
83 ms (range 600 to 260). The mean cycle length of sinus 
rhythm pacing was 479 - 50 ms (range 600 to 400). Two 
observers compared the paced QRS configuration with tha: of 
the ventricular tachycardia observed while the catheter was at 
the pace-mapping site. Disagreements were resolved by con- 
sensus. Two measures of paced QRS and tachyeardia QRS 
concordance were assessed: match 1 = concordance ofbundle 
branch configuration i l,:~ad Vt, frontal plane axis within 30 ° 
and precordial transition zone within one lead; match 2 = 
exact match of the QRS configurations in more than nine 
surface ECG leads. 
Follow-up electrophysiologic testing. Before hospital dis- 
charge, 5 to 7 days after the procedure, programmed electrical 
stimulation was repeated. Single, double and triple extra- 
stimuli during pacing from the right ventricular apex and 
outflow tract at two drive cycle lengths (usually 400 and 
600 ms) was performed. Stimulation end points were initi- 
ation of sustained monomorphic ventricular tachycardia or 
failure of the third extrastimulus during the fastest basic 
pacing rate to capture. 
Definitions. Sustained ventricular tachycardia = tachycar- 
dia requiring an intervention for termination. Entrainment with 
fusion = continuous resetting of ventricular tachycardia with 
constant QRS fusion (19,20); entrainment with concealed 
fusion = continuous resetting of ventricular tachycardia by 
stimuli that do not alter the QRS configuration (7,12,16,21). 
For the purpose of this analysis, resetting by single stimuli and 
continuous resetting by stimulus trains are both designated 
"entrainment" for brevity (16,20). Entrainment with concealed 
fusion is associated with a threefold increase in likelihood that 
radiofrequency ablation at that site will terminate the tachy- 
cardia, consistent with a reentry circuit site (16). Postpacing 
interval = the interval from the last stimulus that entrained 
tachyeardia tothe next bipolar electrugram recorded from the 
pacing site (16). Postpacing hzterval-ventricular tachycardia 
cycle length difference = the minimal difference between the 
ventricular tachycardia cycle length and the postpacing inte:val 
measured to any portion of the electrogram. A difference 
-<30 ms is associated with a greater than fourfold increase in 
the likelihood that radiofrequency urrent at that site will 
terminate tachycardia, consistent with a reentry circuit site 
(16). 
Statistics. Continuous data are expressed as mean value +- 
SD. Groups were compared using the Student t test and Fisher 
exact est. 
Results 
Paced QRS configuration. Pace mapping was performed at 
85 endocardial sites. The paced QRS complex during sinus 
rhythm matched the ventricular tachycardia for bundle branch 
block configuration, frontal plane axis and horizontal plane 
transition zone (match 1) at 20 of 85 sites. At 3 of these 20 sites, 
the paced QRS complex exactly matched the taehycardia QRS 
complex in more than nine ECG leads (match 2). Because of 
the small number of sites with match 2 criteria, concordance by 
the firs~ criteria is referred to as a match, and both match 
criteria are shown in Table 2. 
Entrainment with concealed fasion. The effect of pacing 
during ventficular tachycardia was assessed at 75 sites. Pacing 
entrained the tachycardia with concealed fusion at 28 (37%) 
sites (Fig. 1), eptrained tachyeardia with QRS fusion at 31 sites 
and did not entrain tachycardia t 16 sites. The paced QRS 
complex during sinus rhythm matched that of ventrieular 
tachycardia atonly 6 (21%) of the 28 sites where entrainment 
with concealed fusion was observed compared with 13 (27%) 
of the 47 sites (p = 0.39) where entrainment with concealed 
fusion was not observed. Exclusion of the 16 sites where pacing 
did not entrain tachycardia did not alter these results. The 
paced QRS complex m~tched the ventricular tachycardia 
configuration at 29% of site~ where pacing entrained tachycar- 
dia with QRS fusion (p = 0.36 vs. entrainment with concealed 
fusion sites). 
During entrainment with concealed fusion, the stimulus to 
the QRS interval (S-QRS) reflects the conduction time be- 
tween the pacing site and the exit of the wavefront from the 
scar (12,16). Thus sites with short S-QRS intervals during 
entrainment with concealed fusion should be close to the 
reentry circuit exit, and sites with long SQRS intervals hould 
484 STEVENSON ET AL. JACC Vol. 26, No. 2 
PACE MAPPING August 1995:481-8 
Tab le  2. Pace Mapping 
Pace Mapping 
Entrainment With Concealed Fusion PPI-VTCL VT Terminated by RF 
Yes No <-30 ms >30 ms Yes No 
(n = 28) (n = 47) (n = 26) (n = 21) (n = It) (n = 61) 
ORS complex 
No match 22 (79) 
Match I 6 (21) 
Match 2 0 
No match vs. match 1 
S-ORS complex 
<--40 ms 7 (25) 
>40 ms 21 (75) 
>80 ms 4 (14) 
<-40 ms vs. >40 ms 
34 (72) 19 (73) 16 (76) l0 (91) 43 (70) 
13 (28) 7 (27) 5 (24) l (9) 18 (30) 
3 (6) l (4) 1 (5) 0 3 (5) 
p = 0.86 p = 0.74 p = 0.15 
27 (57) 8 (31) 14 (67) 2 (18) 32 (52) 
20 (43) 18 (70) 7 (34) 9 (82) 29 (48) 
8 (17) 2 (8) 5 (24) 2 (18) 9 (15) 
p = 0.02 p = 0.03 p = 0.05 
Data presented are number (%) of mapping sites. CL = cycle length; Match l = match of the paced QRS complex with ventricular tachycardia QRS complex for 
bundle branch block configuration, axis within 30 °, and horizontal p ane transition zone within one lead. Match 2 = exact match of QRS complex innine leads; PP1 = 
postpacing interval; RF = radiofrcquency current; VT = ventricular tachycardia. 
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Figure 1. A 12-lead elect:ocardiogram (ECG) of 
sustained monomorphic ventricular taehycardia 
(SMVT) (panel A), v.*,ntricular pacing during sinus 
rhythm (panel B) and pacing during tachycardia 
(panel C). From the top of pane l  C are 50-ms time 
lines; surface ECG leads I, aVF, V~ and V~; and a 
bipolar endocardial recording from the pacing site 
on the anterior wall of the left ventricle (LV-11s). 
In panel A, ventricular tachycardia has a left 
bundle branch block configuration with a superi- 
orly directed frontal plane axis of -80 °. Panel B 
shows a 12-lead ECG obtained uring ventricular 
pacing at left ventricular site 11-S. Unipolar pacing 
produces large, easily identified stimulus artifacts. 
The paced ORS complexes have an indeterminant 
bundle branch block configuration, frontal plane 
axis of +120 ° and are substantially different from 
the tachycardia QRS complexes. The interval be- 
tween the stimulus onset and QRS onset is >40 ms 
in all leads. Despite the difference in ORS config- 
uration, pacing during ventricu[ar tachycardia en- 
trained the tachycardia with concealed fusion 
(panel C). In panel C, the same sustained mono- 
morphic ventricular tachycardia as in panel A is 
present, and pacing is performed at the identical 
site (II-S) as in panel B. The tachycardia cycle 
length is 530 ms. The last three stimuli (S) of a 
stimulus train at a cycle length of 500 ms are 
shown. Pacing accelerates the tachycardia to the 
pacing cycle length without altering the QRS con- 
figuration of the advanced beats compared with 
the QRS configuration of the tachycardia. The 
stimulus to QRS interval (S-QRS) from stimuli to 
the ORS onset is 380 ms, consistent with slog, 
conduction from the pacing site, through the cir- 
cuit, to the exit of the stimulated wavefront from 
the scar. Examination of the ventricular endocar- 
dial recording 530 ms after the last stimulus 
(dashed arrow) reveals low amplitude lectrical 
activity. Thus, the postpacing interval approxi- 
mates the tachycardia cycle length, suggesting that 
the pacing site is in the reef, try circuit (16). AU 
times are in milliseconds. 
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be distant from the circuit exit. During entrainment with 
concealed fusion the S-QRS interval was <120 ms at four 
(67%) of six sites where pace mapping resembled the tachy- 
cardia. The S-QRS was <120 ms at only 2 (11%) of 22 sites at 
which pace mapping did not match the tachycardia QRS (p = 
0.01). 
Postpacing interval. During pacing that entrained ventric- 
ular tachycardia, either with or without concealed fusion, the 
postpacing interval could be assessed at 47 sites (at the 
remaining 12 sites, the postpacing interval could not be 
measured because of noise or technical inability to record 
from the electrode used for stimulation). The postpacing 
interval was within 30 ms of the ventricular tachycardia cycle 
length (Fig. 1) consistent with a reentry circuit site (16) at 26 
sites; 19 (86%) of 22 sites where pacing entrained tachycar- 
dia with concealed fusion; and 7 (28%) of 25 sites where 
pacing entrained tachycardia with QRS fusion. The paced 
QRS complex during sinus rhythm matched that of ventric- 
ular tachycardia t only 7 (27%) o[ 26 sites where the 
postpacing interval was consistent with a reentry circuit site 
(Table 2). As shown in Table 2, the paced QRS configura- 
tion during sinus rhythm was not statistically associated with 
sites that were in reentry circuits by the postpacing interval 
criteria. 
Termination of ventricular tachycardia by radiofrequency 
current. Radiofrequency urrent was applied to 72 pace map- 
ping sites during ventricular tachycardia nd terminated tachy- 
cardia at 11 (Table 2). The paced QRS complex during sinus 
rhythm matched that of ventricular tachycardia at only 1 (9%) 
of the termination sites compared with 18 (30%) of 61 sites 
where ablation failed to terminate tachycardia (p = 0.15). 
Conduction delay during pace mapping. Pacing at normal 
endocardial site~ during sinus rhythm, the S-QRS onset 
interval is <40 ms (15). Longer S-QRS intervals arc consis- 
tent with conduction delay away from the pacing site. Pacing 
during sinus rhythm, the S-QRS interval was >40 ms at 44 
(52%) of 85 sites. As shown in Table 2, a S-QRS interval 
>40 ms was associated with reentry circuit sites. Conduction 
delay during pace mapping was observed at 21 (75%) of the 
28 entrainment with concealed fusion sites compared with 
20 (43%) of the 47 sites where pacing either entrained 
tachycardia with QRS fusion or did not entrain tachycardia 
(p = 0.02). Results were similar when the 16 sites where 
pacing did not entrain tachycardia were excluded. Conduc- 
tion delay was observed at 12 (38%) of the 31 sites where 
pacing entrained tachycardia with QRS fusion (p = 0.005 vs. 
entrainment with concealed fusion sites). As shown itt Table 
2, conduction delay was observed at 70% of sites where the 
postpacing interval was consistent with a reentry, circuit site 
as opposed to 34% of sites that had longer differences 
between the taehyeardia cycle length and postpacing interval 
(p = 0.03). Conduction delay during pace mapping was 
present at 9 (82%) of 11 sites where radiofrequency urrent 
application terminated ventricular tachycardia compared 
with 48% of sites where ablation did not terminate tachy- 
cardia (p = 0.05). 
Follow-up electrophysiologic testing. Programmed electri- 
cal stimulation was performed before hospital discharge, 5 to 7 
days after the ablation procedure. No sustained monomorphic 
ventricular tachycardia was initiated in 8 (62%) of the 13 
patients included in this study, who had a total of 19 configu- 
rations of tachycardia. In four patients, sustained monomor- 
phic ventricular tachycardia remained inducible but had a 
configuration different from that of the tachycardias observed 
before ablation. In the remaining patient, a single configura- 
tion of the same ventricular tachycardia observed before 
ablation remained inducible. 
Discussion 
The QRS configuration recorded in the surface ECG is 
determined by the sequence of ventricular activation, which 
is determined to a large extent by the initial site of 
ventricular depolarization. When ventricular activation 
originates from a pointlike source, such as during pacing 
from an electrode catheter, the QRS configuration reflects 
the pacing site location (1,22). Analysis of specific QRS 
configurations in multiple leads allows estimation of the 
pacing site location to within several square centimeters 
(1,2,22,23). Comparing the paced QRS configuration with 
that of ventricular tachycardia is particularly useful for 
locating a small arrhythmia focus in a structurally normal 
heart (e.g., idiopathic right ventricular outflow tract ventric- 
ular tachycardia) (4-6). Pace mapping has been less useful 
for guiding ablation of postmyocardial nfarction ventricular 
tachycardia (6-8). 
Reentry circuits in healed infarct scars often extend over 
several square centimeters and can have a variety of configu- 
rations (9-14). In many circuits, the excitation wave circulates 
through surviving myocytes in the long-term infarct scar, 
depolarization of which is not detectable in the standard 
surface ECG. The QRS complex is then inscribed after the 
reentry wavefront exits the long-term infarct scar and propa- 
gates across the ventricles. At sites where the reentrant wave- 
front exits the scar, pace mapping is expected to ~roduee a
QRS configuration similar to that of ventricular tachycardia. 
Previous tudies (3,22) found that pacing at "sites of origin," 
where the local electrogram precedes the QRS onset, often 
consistent with exit sites, frequently produces a QRS complex 
that is similar to that of the ventricular tachycardia. We found 
that, at many reentry circuit sites, pacing during sinus rhythm 
produces a QRS configuration different han that of tachycar- 
dia. There are several possible reasons. Even small differences 
in the site of initial ventricular activation can alter the precise 
QRS configuration (23-26). Recntrant wavefronts emerging 
from the exit of the scat may not resemble wavefronts from a 
pointlike pacing source; rather, they may spread out as a broad 
front propagating away from the scar (27). Some circuits may 
have more than one "exit" with wavefronts emerging from the 
scar at multiple locations. Regions of functional block (Fig. 2) 
present during tachycardia but absent during pace mapping 
may cause a different ventricular activation sequence during 
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Figure 2. Schematic illustrating a possible mechanism bywhich pacing 
during tachycardia entrains tachycardia without altering the QRS 
configuration, but pacing during sinus rhythm produces a markedly 
different ORS configuration. I  each panel, stippled regions represent 
areas of inexcitable scar. Excitation wavefronts are represented by 
ambws. Sites in excitable tissue are designated by numbers or letters. 
Panel A~ Theoretic reentry circuit. Reentrant wavefronts ( olid ar- 
rows) follow the path from sites 1, 2, 3, 4, 5 and 6 and hack to site 1. 
The region from site 4 to 5, 6 and I, as well as site B, consists of 
surviving myoeytes in the scar, and depolarization f these regions is 
not detected inthe surface lectrocardiogram (ECG). The path from 
site 6 to B and 3 does not participate inthe reentry circuit, and collision 
of wavefronts (as indicated by the opposing arrowheads) maintains 
conduction block in this region. Pand B, Effects of a stimulus that 
captures ite 6 in the reentry circuit. A schematic of the ECG and 
electrogram recorded from the pacing site is shown at the bottom of 
the panel. Activation times are from a computer simulation of a 
reentry circuit that had a cycle length of 391 ms (16). A stimulated 
orthodromic excitation wavefront (open arrow) propagates toward site 
1 and then away from the scar producing the QRS complex The 
orthodromic wavefront also propagates to site 2 and through the 
circuit, continuing the tachycardia. Slow conduction from the stimulus 
site to site 1 produces a S-QRS interval of 248 ms, as shown. The 
advanced ORS is similar in configuration to the tachycardia QRS 
because the tachycardia reentrant wavefronts and stimulated ortho- 
dromic wavefront have the same exit from the sear. A stimulated 
antidromic wavefro~t (hatched arrow) propagates from site 6 toward 
site 5, where it collides with a returning orthodromic wavefront (solid 
arrow). A third stimulated wavefront propagates from site 6 to site B 
and collides with an antidromic wavefront. If conduction times in the 
circuit are not altered by the stimulated wavefront, stimulus ite 6 is 
then activated by the stimulated orthodromic wavefront after one 
revolution through the circuit. The postpacing interval therefore 
equals the ventricular tachycardia cycle length. Panel C, Effects of 
pacing in the absence of ventricular tachyeardia. The stimulated 
excitation wavefronts are shown as open arrows. Stimulated wave- 
fronts propagate inall directions and can exit the scar from sites 1, 3 
or 4. If the conduction time from stimulus ite 6 to site 3 or 4 is shorter 
than the conduction time from site 6 to site 1, then the stimulated 
wavefronts will exit the scar in a different manner than during 
ventricular tachycardia. The ORS configuration is likely to differ from 
that of ventricular tachycardia. The stimulus to ORS interval (S-ORS) 
reflects the conduction time from the stimulus ite to the edge of the 
scar. 
tachycardia than during pacing in sinus rhythm (28). Existence 
of functional block during tachycardia is consistent with the 
observation i this and a previous tudy (7) that entrainment 
with concealed fusion can occur at sites where the QRS 
complex during sinus rhythm pacing does not resemble ven- 
tricular taehycardia (Fig. 2). If the reentry circuit is large, 
the pacing site may be some distance from the exit, and a 
very different ventricular activation sequence may be pro- 
duced during pace mapping compared with tachycardia. Our 
observations of the S-QRS interval during entrainment with 
concealed fusion are also consistent with this concept. The 
conduction time from the pacing site to the exit from the 
infarct scar, as reflected by the S-QRS interval during entrain- 
ment with concealed fusion, was <120 ms at two thirds of the 
sites where the QRS complex during sinus rhythm pacing 
resembled the tachycardia QRS complex and was >120 ms at 
89% of the sites where the paced QRS complex did not 
resemble the tachycardia, suggesting that later sites were 
farther from the exit. 
Detection of slow conduction during pace mapping. Re- 
gions of slow conduction i  the ventricular scar are common in 
ventricular reentry circuits and are desirable targets for cath- 
eter ablation (12,16,27). During pace mapping, a S-QRS 
interval >40 ms is consistent with slow conduction away from 
the pacing site and is associated with abnormal, fractionated 
electrograms recorded from the site (15). The present study 
further supports the relation of this finding to slow conduction 
in the region. Sites with prolonged S-QRS intervals during 
sinus rhythm pacing were frequently associated with other 
markers of reentry circuit sites; however, this may be a 
JACC Vol. 26, No. 2 STEVENSON ET AL. 487 
August 1995:481-8 PACE MAPPING 
somewhat limited mapping uide. Approximately 25% of likely 
reentry circuit sites had short S-QRS intervals during pace 
mapping, and >20% of sites with long S-QRS intervals did not 
appear to be in the reentry circuit. 
Study limitations. Participation of a site in a reentry circuit 
was assessed by entrainment techniques and the effect of 
radiofrequency urrent application on tachycardia. Several 
limitations of these methods have been discussed elsewhere 
(16). Entrainment with concealed fusion may occur during 
pacing at bystander regions. The postpacing interval is more 
specific for reentry circuit sites but is reliable only when 
electrograms can be recorded from the pacing electrode and 
when pacing does not alter conduction through the reentry 
circuit (15). Termination of ventrieular taehycardia by ra- 
diofrequency current application further supports that the 
site is in the reentry circuit; however, radiofrequency cur- 
rent produces a relatively small lesion that is unlikely to 
interrupt broad reentrant paths. Electrode tissue tempera- 
ture monitoring was not performed. Ablation failure at 
some sites due to poor tissue contact cannot be excluded, 
although pacing stimuli captured, indicating that tissue 
contact was probably adequate. That only 1 of the 26 
tachycardias included in this study was inducible 5 to 7 days 
after the procedure further supports the reentry circuit 
criteria used. 
Pace mapping was performed only when sinus rhythm 
was present. As a consequence, pace maps were obtained 
only for a minority of sites evaluated. Exact match of a 
paced and tachycardia QRS complex in more than 9 of 12 
ECG leads was observed at only three sites. It is possible 
that sites where the paced QRS complex exactly matches the 
tachycardia QRS complex in all 12 leads, or with body 
surface tnapping, will have better specificity for identifying 
the reentry circuit exit (29). However, our data clearly 
indicate that an exact pace map match is not required for a 
site to be in the reentry circuit. 
Pace mapping was performed with relatively high amplitude 
stimuli. It is possible that different S-QRS intervals would he 
obtained with a lower stimulus strength, which may directly 
depolarize a smaller volume of tissue. The majority of our 
patients were receiving antiarrhythmic drugs, which affect 
conduction and, therefore, potentially the S-QRS interval 
during pace mapping. 
Clinical implications. Methods to identify reentry circuit 
sites during sinus rhythm are likely to facilitate catheter 
mapping and ablation. During pace mapping a QRS configu- 
ration different from ventricular tachycardia does not reliably 
indicate that the pacing site is distant from the reentry circuit. 
A delay between the pacing stimulus and QRS onset is 
consistent with slow conduction away from the pacing site and 
may indicate a greater likelihood that the pacing site is in a 
reet~try circuit. This may be a useful method for initially 
screening sites during sinus rhythm Out probably does not have 
sufficient sensitivity and specificity to be the sole mapping 
technique to guide ablation 
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